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plays a medical image on a screen based on 1mputted 1image
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values correlated to anatomically tomographic positions of an
object to be 1inspected are set; and a feature quantity comput-
ing unit, a coordinate value searching unit, and a slice coor-
dinate determining unit for providing coordinate values in the
standard coordinate system to the axial images included 1n
cach of the plural series of 1images.
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MEDICAL IMAGE PROCESSING APPARATUS
AND MEDICAL IMAGE PROCESSING
PROGRAM

TECHNICAL FIELD 5

The present imnvention relates to a medical 1image process-
ing apparatus for allowing an 1mage display terminal to dis-
play axial images based on 1image data acquired by a medical
imaging modality, and relates to a medical image processing 10
program to be used in the apparatus.

BACKGROUND ART

Recent yvears, many medical images showing the interiors 15
of living bodies have been used 1n medical diagnoses, and, 1n
order to acquire such medical images, various technologies
and apparatuses (modalities) such as an X-ray imaging appa-
ratus, X-ray CT (computed tomography) apparatus, ultra-
sonic (US) diagnosing apparatus, MRI (magnetic resonance 20
imaging) apparatus, and PET (positron emission tomogra-
phy) apparatus are widely used. Many of the apparatuses are
digitalized, and diagnostic information processing systems
within hospitals and so on are being constructed. Further,
among the imaging technologies, CT and MRI have achieved 25
significant results 1n detection and evaluation of lesion parts
in living bodies because they can acquire and display axial
images of a living body at relatively short intervals. Here, an
axial 1mage refers to a tomographic 1image that shows a sur-
tace perpendicular or substantially perpendicular to the body 30
axis ol an object to be mspected (so-called cross sectional
surface). Heremafter, the axial image 1s also simply referred
to as “slice image”.

When a medical diagnosis 1s made based on the medical
images, 1n order to observe the change of an affected part over 35
time, slice images obtained by imaging the same part of the
same patient at different times may be compared and inter-
preted. In this case, an 1mage interpretation doctor should
search for, with respect to one slice image of interest among
one series of 1mages, another slice image showing anatomi- 40
cally the same tomographic image as the one slice image from
among another series of 1mages. However, one series of
images generated by one imaging include several hundreds or
more i1mages, and therefore, the operation requires great
cifort for the 1mage mterpretation doctor. 45

As a related technology, Japanese Patent Application Pub-
lication JP-A-8-294485 discloses an 1mage display system
tor displaying on an output device plural sets of three-dimen-
sional images including plural tomographic images acquired
in plural times of mspection using at least one medical image 50
imaging modality. The image display system includes desig-
nating means for designating at least one first pair of tomo-
graphic 1mages at substantially identical anatomical tomo-
graphic positions from the plural sets of three-dimensional
images, tomographic 1image pair setting means for setting at 55
least one pair of tomographic images at substantially identical
anatomical tomographic positions from the plural sets of
three-dimensional images based on a tomographic interval of
at least one three-dimensional 1image of the plural sets of
three-dimensional 1images and position information between 60
the first pair of tomographic 1images, and display control
means for allowing the output device to display the set at least
one pair of tomographic 1images.

Further, Japanese Patent Application Publication
JP-P2005-124895A discloses an image diagnosing support 65
apparatus for loading plural tomographic images of a chest
image of the day (current image) and a chest image in the past

2

(past 1mage) of the same examinee obtained with a medical
image 1maging apparatus and displaying both images on
image display means at the same time. The 1image diagnosing
support apparatus includes extracting means for extracting
tracheas and bronchial tubes from the current image and the
past 1mage, bronchial bifurcation determining means for
respectively determining bronchial bifurcations first bifurcat-
ing from the tracheas extracted by the extracting means, and
image aligning means for allowing the image display means
to display the current 1image and the past image at the same
position 1n the body axis direction with reference to the cur-
rent 1images and the past images corresponding to the bron-
chial bifurcations respectively determined by the bronchial
biturcation determining means.

As described above, the technique of aligning plural sets of
slice 1mages representing anatomically the same sections
between two series of 1mages has been known. However, 1
the alignment 1s desired for three or more series of 1mages,
transformation processing of coordinate systems (alignment
processing) between two series of 1mages should be per-
tformed with respect to all combinations. For example, 1n the
case where five series of 1mages A-E are aligned with one
another, the total twenty times of arithmetic processing
between A and B,A and C, . .., D and E are necessary. Thus,
the operation 1s inellicient, taking a lot of time and effort.

DISCLOSURE OF THE INVENTION

Accordingly, in view of the above-mentioned points, a
purpose of the present invention 1s to provide a medical image
processing apparatus capable of aligning, even for three or
more series of 1mages, slice 1images included in the series
casily 1n a short time, and a medical image processing pro-
gram to be used 1n the medical image processing apparatus.

In order to achieve the above-mentioned purpose, a medi-
cal image processing apparatus according to one aspect of the
present invention 1s a medical image processing apparatus to
be connected to at least one display unit that displays a medi-
cal 1image on a screen based on inputted image data, for
correlating anatomically tomographic positions of axial
images among plural series of images, and the apparatus
includes storing means for storing a standard coordinate sys-
tem 1n which coordinate values correlated to anatomically
tomographic positions of an object to be inspected are set, and
coordinate value providing means for providing coordinate
values 1n the standard coordinate system to the axial images
included in each of the plural series of images.

Further, a medical image processing program according to
one aspect of the present invention 1s a medical 1image pro-
cessing program, embodied on a computer readable medium,
for use 1n a medical image processing apparatus to be con-
nected to at least one display unit that displays a medical
image on a screen based on inputted image data, for correlat-
ing anatomically tomographic positions of axial i1mages
among plural series of 1mages, and the program actuates a
CPU to execute the procedures of (a) loading a standard
coordinate system in which coordinate values correlated to
anatomically tomographic positions of an object to be
ispected are set, and (b) providing coordinate values in the
standard coordinate system to the axial images included 1n
cach of the plural series of 1images.

In this application, each axial image 1s referred to as ““slice
image” and a group of axial images included in one series 1s
referred to as “series of 1mages”.

According to the present imnvention, since the coordinate
values 1n the standard coordinate system related to anatomai-
cally tomographic positions are provided to plural slice
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images included 1n each of the plural series of 1mages, align-
ment between plural series of images can be easily performed
via the standard coordinate system. Further, the direct pro-
cessing such as coordinate transform between series of
images 1s not necessary, and, even alignment among three or

more series of 1mages can be efliciently processed with less
elfort.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a configuration of a medical image imaging,
system 1ncluding a medical 1mage processing apparatus
according to the first embodiment of the present invention;

FIG. 2 shows a standard coordinate system for skeleton;

FI1G. 3 15 a table showing standard feature quantities;

FI1G. 4 15 a graph showing changes 1n feature quantities of
air region in the body axis direction;

FIG. 5 1s a diagram for explanation of a method of obtain-
ing feature quantities based on probabaility distributions;

FIG. 6 shows a concept of correlation of a series of 1images
to a standard coordinate system:;

FIG. 7 1s a diagram for explanation of a method of display-
ing corresponding slice images by manual 1input;

FIG. 8 1s a diagram for explanation of alignment of slice
images via the standard coordinate system;

FI1G. 9 1s a diagram for explanation of a method of display-
ing subsequent slice images by manual 1nput;

FIG. 10 shows a screen on which the aligned slice images
are automatically displayed (stack-displayed) in conjunction
with each other:;

FIG. 11 shows a screen on which the aligned slice images
are automatically displayed (cine-displayed) in conjunction
with each other;

FIG. 12 shows a schematic diagram used 1n a method of
displaying slice images 1n conjunction with the schematic
diagram;

FIG. 13 shows a list of parts used 1n a method of displaying,
slice images 1n conjunction with the list of parts;

FIG. 14 1s a block diagram showing a medical image imag-
ing system including a medical image processing apparatus
according to the second embodiment of the present invention;
and

FI1G. 15 shows another configuration example of the medi-
cal image 1imaging system including the medical image pro-
cessing apparatus according to the first and second embodi-
ments ol the present mvention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L]

Hereinafter, embodiments of the present invention will be
explained 1n detail by referring to the drawings. The same
reference numerals are assigned to the same component ele-
ments and the explanation thereot will be omitted.

FIG. 1 1s a block diagram showing a configuration of a
medical 1mage 1imaging system including a medical image
processing apparatus according to the first embodiment of the
present 1nvention. The medical 1mage i1maging system
includes a modality 1 for performing imaging ispection of
medical images on an object to be mspected, an 1image server
2, an 1mage display terminal 3, and an 1mage interpretation
terminal 4. These devices 1-4 are compliant with the DICOM
(Digital Imaging and Commumnications 1 Medicine) stan-
dards.

The modality 1 includes a medical image 1maging appara-
tus such as a CT apparatus 1a, a CR (computed radiography)
apparatus 15, an MRI apparatus 1¢, a PET apparatus 14, and
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a US (ultrasonic) diagnosing apparatus le, and so on. These
modalities 1a-1e generate image data by performing imaging
ispection and output the 1image data together with image
incidental information to the image server 2. For example, the
image 1ncidental mmformation includes patient information
(name, age, sex, and so on), imaging date information, part
information (head part, chest part, abdomen part, and so on),
information representing image orientation ((0020,0037):
Image Orientation (Patient)) or (0020,0020): Patient Orien-
tation), information representing the thickness of a slice
((0018,0050): Slice Thickness), and so on. Here, the contents
in the parentheses express DICOM tags and attribute names
ol the respective information.

The image server 2 1s a PACS (Picture Archuving and
Communication System) server for storing and managing
image data acquired by the modality 1. The image server 2 has
a Tunction of alignment between plural series of 1mages
(alignment processing function) in addition to the normal
function of the image server (storing image data and so on),
and also operates as a medical image processing apparatus for
alignment. The 1image server 2 outputs 1mage data to the
image display terminal 3 according to the request of the image
interpretation terminal 4, which will be described later. The
function and operation of the image server 2 will be explained
in detail later.

The 1image display terminal 3 1s a terminal device for dis-
playing inspection images based on the image data externally
inputted and has a high-definition display. Further, the image
display terminal 3 may include an nput device (e.g., input
button, keyboard, mouse, or the like) for a user to input
commands. Axial images are schematically shown on a
screen 3a of the image display terminal 3 shown 1n FIG. 1.

The 1image interpretation terminal 4 1s a device to be used
by the user (1image interpretation doctor) for generating image
interpretation reports and so on while referring to inspection
images displayed on the image display terminal 3, and
includes a screen 4a for displaying image interpretation
reports, an input device 4b such as a keyboard, and so on.

Next, the function and alignment processing operation of
the image server 2 will be explained. As shown 1 FIG. 1, the
image server 2 has a control unit 21, a standard coordinate
system and feature quantity storage unit 22, a feature quantity
computing unit 23, a coordinate value searching unit 24, a
slice coordinate determining unit 25, a storage unit 26, an
alignment processing unit 27, and a display format setting
unit 28. Among them, the control unit 21, the feature quantity
computing unit 23 to slice coordinate determining unit 25,
and the alignment processing unit 27 to display format setting
unit 28 are configured by a CPU (central processing unit) and
a program, and the alignment processing operation explained
as below 1s executed by the CPU according to a medical
image processing program according to the embodiment
stored 1n the storage unit 26.

The control unit 21 allows the storage unit 26 to store the
image data and 1image incidental information thereot output-
ted from the modality 1. Further, the control unit 21 confirms
the orientation of the images (axial, coronal, sagittal, or the
like) represented by the inputted 1mage data, and also outputs
the 1mage data and the image incidental information to the
feature quantity computing unit 23 when the orientation 1s
axial. The orientation of 1mages 1s acquired from 1mage 1nci-
dental information provided with DICOM tag (0020,0037):
Image Orientation (Patient) or (0020,0020): Patient Orienta-
tion.

The standard coordinate system and feature quantity stor-
age unit 22 stores prepared one or some standard coordinate
systems and standard feature quantities 1n the respective coor-
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dinate values 1n the standard coordinate systems. The stan-
dard coordinate system 1s a coordinate system 1n which coor-
dinate wvalues correlated to anatomically tomographic
positions of the object are set, and which 1s used as reference
when alignment between plural series of 1mages 1s per-
formed. For example, the positions of the respective parts of
the object are expressed as coordinate values on the body axis
(Z-axis).

The feature quantity computing unit 23 computes feature
quantities of a slice image mputted from the control unit 21.
The coordinate value searching unit 24 searches for standard
feature quantities best match to the feature quantities com-
puted by the feature quantity calculating unit 23 and a coor-
dinate value 1n a predetermined standard coordinate system
corresponding to the standard feature quantities, and tenta-
tively provides the coordinate value corresponding to the
standard feature quantities as a coordinate value of the slice
image as an object of analysis. The slice coordinate determin-
ing unit 25 refers to the slice numbers 1ncluded 1n the image
incidental information of the respective slice 1images, con-
firms whether or not the slice numbers and the coordinate
values are consistent with each other, adds the coordinate
values 1n the standard coordinate system to the image inci-
dental information of the respective slice images, and stores
the 1mage incidental information in the image data storage
unit 26. Here, the feature quantity computing unit 23 to slice
coordinate determiming unit 25 correspond to coordinate
value providing means for providing coordinate values in the
standard coordinate system to axial images included 1n each
of the plural series of 1images.

The storage unit 26 1s, for example, a hard disk drive built
in the 1image server 2, and stores 1image data and 1image 1nci-
dental information thereot, a control program (medical image
processing program) for actuating the CPU to perform the
alignment operation, and so on under the control of the con-
trol unit 21. As the recording medium, not only the hard disk,
butalsoan MO, an NT, a RAM, a CD-ROM, a DVD-ROM, or
the like may be used. Inthis case, a drive unit for driving those
recording media 1s built in the 1mage server 2 or externally
connected to the 1mage server 2.

The alignment processing unit 27 correlates the slice
images included in the different series of 1mages from each
other stored 1n the storage unit 26 such that the anatomical
tomographic positions are matched or substantially matched
based on the coordinate values provided to each of the images
under the control of the control unit 21. Further, the display
format setting unmit 28 sets a display format when the series of
images correlated in the alignment processing unit 27 are
displayed on the image display terminal 3.

FI1G. 2 15 a schematic diagram showing a standard coordi-
nate system for skeleton. In the standard coordinate system,
the parietal part 1s represented by Z=0 and the plantar part 1s
represented by Z=100. In this scale, the coordinate value Z of
the eyeball 1s 6.7, the coordinate value Z of the first cervical
vertebra 1s 10.0, the coordinate value Z of the first thoracic
vertebra 1s 17.3, the coordinate value Z of the first lumbar
vertebra 1s 34.7, and the coordinate value Z of the pubic
symphysis 1s 51.3.

As the standard coordinate system, not only the coordinate
system referring to the skeleton shown 1n FIG. 2 but also a
coordinate system referring to the location of organs (a stan-
dard coordinate system for soit tissue) or the like may be
prepared. Further, plural coordinate systems may be prepared
according to the respiratory condition (e.g., the expiration
condition coordinate system, inspiration condition coordi-
nate system, mean condition coordinate system, and so on).
Furthermore, since the balance of the skeleton and the loca-
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tion of organs change according to age, height, sex, and so on,
plural coordinate systems may be created according to the
classification of the objects (e.g., infant coordinate system,
12-15 year old coordinate system, adult coordinate system,
male coordinate system, female coordinate system, and so
on).

On the other hand, the feature quantities are obtained by
converting anatomical features in one axial section into
numerical values from various perspectives. The standard
feature quantities of them refer to general (standard) feature
quantities 1n the respective coordinate values of the standard
coordinate system. FIG. 3 shows a standard feature quantity
table stored in the standard coordinate system and feature
quantity storage unit 22. A slice image 1n a certain coordinate
value Z 1s characterized by standard feature quantities XA,
XB, XC, XD explained as below.

Here, regardless of modality, in overall slice images, values
computed based on the shapes of the body part (e.g., the
degree of circularity) may be used as feature quantities. Fur-
ther, when the value of each pixel data (i.e., pixel brightness)
corresponds to the body property (tissue property or the like),
the feature quantity may be computed according to the value.
For example, the value of pixel data in a CT 1mage 1s deter-
mined by a CT value, and the CT value 1s a physical quantity
representing the amount of radiation transmitted through the
body. The CT value of water 1s 0 HU, the CT value 1n the air
region 1s about —1000 HU, and the CT value in the bone
region 1s about 80 HU to 1000 HU, for example. Further, the
CT value of a soft tissue such as an organ 1s higher than that
in the air region and lower than that in bone region, about 28
HU to 60 HU, for example.

As shown 1n FIG. 3, the following four feature quantities

are used in the embodiment.
(a) Degree of Circularity of Entire Body Part

The degree of circularity XA 1s computed by the following,
equation (1) by using the area S of a target region and the
length L around the region.

XA=4xS/L? (1)

The nearer a perfect circle the shape of the target region
becomes, the closer to 1.0 the degree of circulanty XA
becomes, and the farther from the perfect circle the shape
becomes (e.g., the farther from *“1” the ellipticity becomes),
the smaller the degree becomes. For example, when the target
region 1s the head part, the degree of circularity 1s relatively
high. Contrary, when the target region 1s the chest or abdomen
part, the degree of circularity 1s relatively low.

(b) Feature Quantity of Air Region

The feature quantity of air region XB 1s computed by
(Number of pixels of CT values representing air region)/
(Number of pixels of entire body part). For example, when the
target region 1s the chest part, the air region 1s relatively wide
because of the existence of lungs (40% to 80%). Further, 1n
the abdomen part, the ratio of the air region 1s lower than that
(10% to 40%). Furthermore, when the target region 1s the
head or leg part, the air region 1s nearly zero.

(¢) Feature Quantity of Bone Region

The feature quantity of bone region XC 1s computed by
(Number of pixels of CT values representing bone region)/
(Number of pixels of entire body part). For example, when the
target region 1s the abdomen part, the bone region relative to
the entire body part is arelatively small range. Contrary, when
the target region 1s the leg part, the bone region occupies the
major part relative to the entire body part.

(d) Feature Quantity of Soft Tissue
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The feature quantity of soft tissue XD 1s computed by
(Number of pixels of CT values representing soit tissue)/
(Number of pixels of entire body part).

Note that, when the above (b)-(d) are employed, 1t 1s desir-
able that the fat regions are excluded from the entire body
part. The fat regions vary widely between individuals.

Alternatively, the histogram of pixel values 1tself or prob-
ability distribution corresponding to the modality may be
used as standard feature quantities.

The standard coordinate system and the standard feature
quantities stored 1n the feature quantity storage unit 22 are
prepared in the following manner, for example.

(1) The standard feature quantities are acquired from anatomi-
cally known data disclosed 1n research papers and so on.

(11) The standard feature quantities are acquired by analyzing
series o 1mages representing a specific object.

(111) The feature quantities are obtained by extracting series of
images, 1n which anatomical positions of the body parts (the
first cervical vertebra, lung apex, and so on) represented 1n the
respective slice 1mages have been specified, from among
series of 1mages i1maged i1n the past and analyzing slice
images, and mean values of the quantities are used as standard
feature quantities.

Here, 1n the case of using the above method (111), the ana-
tomical positions of the body parts shown may be specified by
visual observation of all slice images. Further, as a simpler
method, the anatomical positions of several slice 1mages are
specified by visual observation at suitable intervals, and the
positions of the slice images between those slice images may
be determined by the computation using slice interval infor-
mation in the image incidental information. Furthermore, as
another method, the slice image showing the part 1in the
known anatomical position may be manually or automati-
cally recognized. For example, as shown in FI1G. 4 (a), from
the observation of changes in air region as one feature quan-
tity, the position where the air region starts to increase (the
start position of the chest part) and the position where the air
region abruptly decreases (the boundary between the chest
part and the abdomen part) are found. Accordingly, as shown
in F1G. 4 (b), the characteristic positions (the boundary and so
on) may be specified by searching the differential values of
the air region computed with respect to one series of slice
images. Further, the positions of the slice 1mages between
those positions may be determined by the computation using
the slice interval information.

The standard feature quantities are prepared with respect to
cach standard coordinate system when there are plural stan-
dard coordinate systems. Further, the standard feature quan-
tities may be prepared with respect to each modality for one
standard coordinate system.

Referring to FIG. 1 again, the feature amount computing,
unit 23 computes the feature quantities of the slice image
inputted from the control unit 21. In the embodiment, the
feature quantity Xa (the degree of circularity) corresponding
to the standard feature quantity XA, the feature quantity Xb
(air region) corresponding to the standard feature quantity
XB, the feature quantity Xc (bone region) corresponding to
the standard feature quantity XC, and the feature quantity Xd
(bone region) corresponding to the standard feature quantity
XD (soft tissue region) are computed.

The coordinate value searching unit 24 searches for stan-
dard feature quantity best match to the feature quantity com-
puted by the feature quantity calculating unit 23 and a coor-
dinate value 1n a predetermined standard coordinate system
corresponding to the standard feature quantity. Then, the
coordinate value searching unit 24 tentatively provides the
coordinate value corresponding to the standard feature quan-
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tity as a coordinate value of the slice image as an object of
analysis. The standard coordinate system to be used by the
coordinate value searching unit 24 may be designated by the
user or selected by the feature amount computing unit 23
according to the image incidental information (patient infor-
mation, imaged part, or the like).

As methods of searching for a coordinate value, there are
the following methods (1) and (2), for example.

(1) Method Using Evaluation Function

A predetermined evaluation function is prepared, the stan-
dard feature quantity when a value of the evaluation function
becomes the minimum 1s obtained, and the coordinate value
in the standard coordinate system corresponding to the stan-
dard feature quantity 1s used as the coordinate value of the
sliceimage. As the evaluation functions, for example, the sum
ol the absolute values of subtractions between the computed
feature quantities and the standard feature quantities |Xa-
XAl+IXb-XBIl+|Xc-XCl+|Xd-XDI| or the mean square
error {((Xa-XA)*+(Xb-XB)*+(Xc-XC)*+(Xd-XD)*)/4} "=
1s used. Further, when the value of the evaluation function 1s
computed, weighting may be performed according to the kind
of feature quantity.

(2) Method Using Probability Distribution

When the probability distribution 1s prepared as the stan-
dard feature quantities, matching of the standard feature
quantities 1s performed by using the probability distribution.

Here, referring to FIG. 5, the probability distribution of
standard feature quantities of air region at the coordinate
/=20 1n the standard coordinate system (mean 80%) and the
probability distribution of standard feature quantities of air
region at the coordinate Z=435 1n the standard coordinate
system (mean 40%) are obtaimned. Assuming that the air
region of the slice image as an object of analysis 1s 70%, 1t 1s
compared to the probability distributions of the air region at
the respective coordinates 1n the standard coordinate system,
the probability that the coordinate of the slice image 1s Z=20
1s 0.8 and the probability that the coordinate of the slice image
1s /=45 15 0.2. The analysis using the probability distributions
1s performed on the other feature quantities, and the probabili-
ties at the respective coordinates are summed and the coordi-
nate with the highest probability 1s used as the coordinate
value of the slice as the target of analysis.

Retferring FIG. 1 again, when the coordinate value search-
ing unit 24 tentatively provides the coordinate values 1n the
standard coordinate system with respect to one series of slice
images, the slice coordinate determining unit 25 refers to the
slice numbers included 1n the image 1incidental information of
respective slice images, and confirms whether or not the slice
numbers and the coordinate values are consistent with each
other. Then, 1f the numbers and the values are inconsistent, the
slice coordinate determining unit 25 returns those slice
images and the tentatively provided coordinate values to the
coordinate value searching unmit 24, and allows the coordinate
value searching unit 24 to search for the coordinate values to
obtain the correct order of slice numbers. On the other hand,
1if the numbers and the values are consistent, the slice coordi-
nate determining unit 25 adds the coordinate values in the
standard coordinate system to the image incidental informa-
tion of respective slice images, and stores the information in
the 1mage data storage unit 26.

By performing the above-mentioned operation on the
respective series of images outputted from the modality 1, the
series of 1mages A-C that have been separately imaged are

correlated to the standard coordinate system as shown in FIG.
6.

The alignment processing unit 27 correlates the slice
images included 1n the different series of 1mages from each
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other stored 1n the storage unit 26 such that the anatomical
tomographic positions are matched or substantially matched
based on the coordinate values provided to each of the images
under the control of the control unit 21.

Further, the display format setting unit 28 sets a display
format when the series of 1images correlated in the alignment

processing unit 27 are displayed on the image display termi-
nal 3.

The methods of alignment processing performed by the
alignment processing unit 27 and the display formats set by
the display format setting unit 28 are the following (1)-(7).
(1) Method of Display of Corresponding Slice Images by
Manual Input

For example, as shown i FIG. 7 (a), when the user in
image interpretation of the series of images A desires to refer
to slice images imaged 1n the past showing the same section as
that of a slice image 301 of the series, the user places a cursor
200 on the slice image 301 and clicks it. Thereby, the com-
mand of displaying the slice image corresponding to the slice
image 301 1s mputted to the image server 2. In response, as
shown 1n FIG. 8, the alignment processing unit 27 acquires a
coordinate value (e.g., Z=7.,=17.0) 1n the standard coordinate
system from the image incidental information of the slice
image 301 and searches for the slice image provided with the
coordinate value Z=17.0 from the series of images B imaged
with respect to the same patient 1n the past. Then, 1f there 1s the
slice image provided with the coordinate value Z=17.0, the
unit allows the storage unit 26 to output the slice image 401 to
the image display terminal 3. Thereby, as shown 1n FI1G. 7 (b),
the slice image 401 that 1s in the equal anatomically tomo-
graphic position to that of the slice image 301 1s displayed on
the screen of the image display terminal 3.

As the display format of two slice images, the slice 1mage
301 and the slice image 401 may be displayed side by side
within one screen as shown in FIG. 7 (b), or using two 1mage
display terminals 3, the slice image 301 and the slice image
401 may be displayed in the image display terminals 3,
respectively. Further, in FIG. 7 (a), when the user clicks the
plural slice images, the set of correlated plural slice images
may be displayed in arrangement. Furthermore, when there
are three or more series of 1images provided with coordinate
values 1n the common standard coordinate system, all of the
corresponding slice images among them or a desired number
of them according to the designation by the user may be
displayed.

Here, 1n the series of images A and the series of 1mage B,
when the slice intervals are different or the values of the
coordinate value Z in the standard coordinate system are not
equal, the slice image having a desired coordinate value Z
may not be acquired. For example, as shown in FI1G. 8, regard-
ing a slice image 302 within the series of images A (coordi-
nate value Z=18.3), there 1s no slice image 1n the strictly the
same anatomically tomographic position in the series of
images B. In this case, the alignment processing unit 27
searches for a slice image 402 having a coordinate value 7
(coordinate value Z=18.4) nearest the coordinate value of the
slice image 302 and display it. Alternatively, the unit may
display two slice images 403 and 402 (coordinate values
/=18.0 and 18.4) located adjacent to the coordinate value
/=18.3 ofthe sliceimage 302. Furthermore, the slice image at
the coordinate value Z=18.3 may be newly generated by
interpolation processing based on the two slice images 403
and 402. Thereby, slice 1mages 1n the anatomically tomo-
graphic positions substantially equal to that of the slice image
302 can be displayed on the screen of the image display
terminal 3.
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(2) Method of Display of Subsequent Slice Images by Manual
Input

As shown 1n FIG. 9, when the user desires to refer to the
subsequent slice images to a slice image 303 while interpret-
ing the series of images A, the user inputs the command of that
to the image server 2. As a method of inputting the command,
for example, the user may place the cursor on the slice image
displayed on the screen of the image display terminal 3,
right-click 1t, and select a desired command from a pop-up
displayed thereby. In response, the alignment processing unit
27 acquires a coordinate value Z=18.6 1n the standard coor-
dinate system from the image incidental information of the
slice image 303, and searches for a slice image at or near the
coordinate value Z=18.6 from the series of images C that have
been 1maged with respect to the same patient. Then, the slice
image 401 at or near the coordinate value Z=18.6 and the
subsequent 1mages are displayed on the image display termi-
nal 3.

(3) Method of Automatic Display (Stack Display) of Corre-
sponding Slice Images 1n Conjunction with Each Other

When the user inputs a command of display of the series of
images A and B 1n conjunction with each other to the server 2
(FIG. 1), the alignment processing unit 27 acquires image
incidental information of the series of images A and the series
ofimages B from the storage unit 26. Then, the unit correlates
the slice images having the equal coordinate value Z based on
the coordinate values Z in the standard coordinate system
provided to the respective slice images of the series of images
A and the coordinate values Z 1n the standard coordinate
system provided to the respective slice images of the series of
images B (see FIG. 8). On the other hand, as shown in F1G. 10,
the display format setting unit 28 outputs the image data
representing the series of 1images A and B to two image
display terminals 3, respectively, and determines the arrange-
ment of the slice images such that the correlated slice 1images
are displayed 1n corresponding positions on the screen.

As described above, a slice image within one series of
images may not be strictly correlated to a slice image within
the other series of images. In this case, as described above, the
slice images having the nearest coordinate values Z may be
correlated or a slice image having the equal coordinate value
/. may be newly generated by interpolation processing. Alter-
natively, regarding the slice image to which no slice 1image
corresponds, the display space of the corresponding slice
image may be blank.

(4) Method of Automatic Display (Cine Display) of Corre-
sponding Slice Images 1n Conjunction with Each Other

When the user mputs a command of cine display of the
series of 1images A and the series of images B 1n conjunction
with each other to the server 2 (FIG. 1), the alignment pro-
cessing unit 27 correlates the slice images respectively
included 1n the series of images A and B 1n the same manner
as described in the above method (3). On the other hand, as
shown 1n FIG. 11, the display format setting unit 28 outputs
the image data representing the series of 1mages A and B to
two 1mage display terminals 3, respectively, and switches the
display such that the correlated slice images are sequentially
displayed at the same timing on the two screens, respectively.
Also, 1n this method, if slice images included 1n two series
may not strictly correlated to each other, the slice 1images
having the nearest coordinate values Z may be correlated or a
slice image having the equal coordinate value Z may be newly
generated by interpolation processing. Alternatively, regard-
ing the slice image to which no slice image corresponds, the
display space of the corresponding slice image may be blank.

In the above methods (3) and (4), the series of images A and
B are displayed on two image display terminals 3, respec-
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tively, however, two areas may be provided on the screen of
one 1mage display terminal 3 and the series of images A and
B may be displayed in the two areas, respectively. Further,
when there are three or more series of 1mages provided with
coordinate values 1n the common standard coordinate system,
all of the corresponding slice images among them or a desired
number of them according to the designation by the user may
be displayed.

In the above methods (1)-(4), the series of 1images different
from each other are displayed at the same time. In this case, 1t
1s desirable that the same display parameters of gradation,
rotation, scaling, and so on are used.

(5) Method of Display of Slice Images 1n Conjunction with
Schematic Diagram

As shown 1 FIG. 12, a schematic diagram of a human
tissue correlated to the standard coordinate system 1s pre-
pared 1in advance 1n the storage unit 26 and the control unit 21
displays the schematic diagram 1n a part of the screen. Then,
when the user places a cursor 220 1n a desired position on the
schematic diagram and clicks 1t, the alignment processing
unit 27 acquires the coordinate value Z corresponding to the
position, searches for a slice image provided with the coor-
dinate value Z from the series ol images as an object ol image
interpretation or the series of 1images 1imaged 1n the past, and
outputs 1image data. Thereby, a slice image showing an ana-
tomical section desired by the user 1s displayed on the 1image
display terminal 3 (FIG. 1).

(6) Method of Display of Slice Images 1n Conjunction with
List of Parts

In place of the schematic diagram of a human tissue in the
above method (5), as shown 1n FIG. 13, a list of parts corre-
lated to the standard coordinate system may be prepared. For
example, when the user places a cursor 230 on the box of
“lung apex” and clicks 1t, the alignment processing unit 27
acquires the coordinate value Z corresponding to “lung
apex’’, searches for a slice image provided with the coordinate
value 7 from the series of images as an object of 1mage
interpretation or the series of 1images 1imaged 1n the past, and
outputs 1image data.

(7) Method of Display of Slice Images 1n Conjunction with
Plain X-Ray Images

In place of the schematic diagram of a human tissue 1n the
above method (35), by correlating plain x-ray images imaged
with respect to the same patient of the series of 1images as an
object of image iterpretation to the standard coordinate sys-
tem, the series of images and the plain X-ray images may be
conjunction with each other. When coordinate values Z in the
standard coordinate system are assigned to the respective
parts of the body part shown 1n the plain X-ray images, known
automatic 1mage recognition technology may be used. For
example, regarding the chest X-ray images, the lung field
recognition technology disclosed 1n JP-P2005-198887 A may
be applied.

In the above methods (5)-(7), the slice 1mages are easily
conjunction with the schematic diagram or the like desired by
the user by using coordinate values in the standard coordinate
system, and further, the schematic diagram or the like 1n
conjunction can be easily changed. Furthermore, when the
user designates a desired area of the schematic diagram or the
like 1n conjunction, the slice images provided with the coor-
dinate values Z (or the approximate values) corresponding to
the area are searched for from the plural series of images, and
the images may be displayed at the same time 1n a format, or,
starting from the slice 1images, corresponding slice 1mages
may be stack-displayed or cine-displayed 1n conjunction with
cach other.
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Next, a medical 1mage processing apparatus according to
the second embodiment of the present invention will be
explained. FIG. 14 1s a block diagram showing a configura-
tion of a medical image 1imaging system including the medi-
cal image processing apparatus according to the embodiment.

As shown 1n FIG. 14, the system 1ncludes an image server
5, a medical 1mage processing apparatus 6, and an 1mage
storage device 7 1n place of the image server 2 shown 1n FIG.
1. These parts 5-7 are compliant with the DICOM standards.
The rest of the configuration is the same as that 1n the system
shown 1n FIG. 1.

The image server 5 1s a PACS server for storing and man-
aging image data outputted from the modality 1. The image
server 5 allows the 1mage storage device 7 to store the image
data inputted from the modality 1. Further, the image server 5
outputs the image data to the medical image processing appa-
ratus 6 as well and allows the apparatus 6 to execute align-
ment processing among plural series of images. Furthermore,
the 1mage server 5 controls the 1mage storage device 7 to
output the 1mage data stored in the 1image storage device 7 to
the image display terminal 3 according to the request of the
image nterpretation terminal 4.

The medical image processing apparatus 6 1s an apparatus
for aligning slice images included 1n plural series of images
among the series, and 1includes a standard coordinate system
and feature quantity storage unit 61, a feature quantity com-
puting unit 62, a coordinate value searching unit 63, a slice
coordinate determining unit 64, an alignment processing unit
65, and a display format setting unit 66. The functions and
operations of these units are the same as those 1n the standard
coordinate system and feature quantity storage unit 22 to slice
coordinate determining unit 235 and the alignment processing
unit 27 to display format setting unit 28 as shown in FIG. 1.
The medical image processing apparatus 6 1s configured by a
personal computer (PC), for example.

The 1mage storage device 7 1s, for example, a hard disk
drive built 1n the image server 5. Alternatively, as the record-
ing medium, not only the hard disk, but also an MO, an MT,
a RAM, a CD-ROM, a DVD-ROM, or the like may be used.
In this case, a drive unit for driving those recording media 1s
built 1n the 1image server 5. Alternatively, the 1image storage
device 7 1s incorporated 1n the image server 5.

As described above, 1n the embodiment, the medical image
processing apparatus 6 1s configured by the PC, and the medi-
cal image alignment processing function can be easily incor-
porated into the existing medical 1image 1maging system.
Theretfore, desired slice images can be efliciently displayed
using the existing equipment.

In the embodiment, the medical image processing appara-
tus 6 outputs the image data after image processing and their
image incidental information to the image storage device 7,
however, the image data and the image incidental information
may be stored 1n a storage device (e.g., ahard disk) builtin the
medical image processing apparatus 6.

Here, in the above explained first and second embodi-
ments, alignment processing 1s pertormed on the image data
inputted directly from the modality 1 to the image servers 2
and 5. However, the alignment processing may be performed
by loading the image data that has been once stored 1n the
recording medium after generated 1n the modality 1 into the
image sever 2 or the medical image processing apparatus 6.

Next, another configuration example of the medical image
imaging system including the medical 1mage processing
apparatus according to the first and second embodiments of
the present mnvention will be explained with reference to FIG.
15. As shown 1n FIG. 15, 1n the system, the modality 1, the
image server 2, the image display terminal 3, and the image
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interpretation terminal 4 are connected to one another via
network N1 such as a LAN (local area network). Alterna-
tively, 1n place of the image server 2, the image server 5, the
medical image processing apparatus 6, and the 1mage storage
device 7 shown 1n FIG. 14 may be connected to the network
N1. Further, a terminal 30 installed in each department, an
RIS (radiology information system) 40, and an HIS (Hospital
information System) 50 may be connected to the network N1.

As shown 1n FIG. 15, by connecting the image server (or
the medical image processing apparatus 6) having the medi-
cal 1mage alignment processing function to the network N1,
the plural series of images aligned to one another can be used
in various terminals (e.g., the image interpretation terminal 4
and each department terminal 30), and thereby, efficient
image interpretation and medical diagnoses can be per-
formed.

INDUSTRIAL APPLICABILITY

The present invention can be utilized 1n a medical image
processing apparatus for allowing an 1image display terminal
to display axial images based on 1image data acquired with a
medical imaging modality, and a medical image processing

program to be used in the medical image processing appara-
tus.

The mvention claimed 1s:

1. A medical image processing apparatus to be connected
to at least one display unit that displays a medical image on a
screen based on inputted 1mage data, for correlating anatomi-
cally tomographic positions of axial images between plural
series of 1mages, said apparatus comprising:

a storage unit configured to store a standard coordinate
system 1n which coordinate values correlated to ana-
tomically tomographic positions of an object to be
ispected are set along a body axis of the object, said
standard coordinate system being used as a reference
when performing alignment between the plural series of
1mages;

a coordinate value providing unit configured to provide
coordinate values 1n said standard coordinate system to
the axial images included 1n a first series of 1mages by
correlating at least one characteristic position of the
object represented 1n the first series of 1mages to at least
one first reference position 1n said standard coordinate
system, and provide coordinate values in said standard
coordinate system to the axial images included 1n a
second series of images by correlating at least one char-
acteristic position of the object represented in the second
series of 1mages to at least one second reference position
in said standard coordinate system; and

an alignment processing unit configured to correlate the
axial images included in the first series of 1images to the
axial images included in the second series of 1mages
based on the coordinate values provided to the axial
images by said coordinate value providing unit such that
anatomically tomographic positions of the axial images
are substantially identical between the first series and the
second series.

2. The medical image processing apparatus according to
claim 1, wherein said standard coordinate system 1s corre-
lated to at least one of a skeleton and a soft tissue including an
organ.

3. A medical image processing apparatus to be connected
to at least one display unit that displays a medical image on a
screen based on inputted image data, for correlating anatomi-
cally tomographic positions of axial images between plural
series of 1mages, said apparatus comprising:
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a storage unit configured to store a standard coordinate
system 1n which coordinate values correlated to ana-
tomically tomographic positions of an object to be
inspected are set along a body axis of the object, said
standard coordinate system being used as a reference
when performing alignment between the plural series of
images, and standard feature quantities representing
anatomical features of body parts 1n the respective tomo-
graphic surfaces correlated to the standard coordinate
system;

a coordinate value providing unit configured to provide
coordinate values 1n said standard coordinate system to
the axial images included 1n each of the plural series of
images by computing feature quantities representing
anatomical features of body parts shown 1n the axial
images, referring to said standard feature quantities, and
thereby, obtaining coordinate values 1n said standard
coordinate system corresponding to said feature quanti-
ties, and

an alignment processing unit configured to correlate the
axial images between the plural series of 1images based
on the coordinate values provided to the axial images by
said coordinate value providing unit such that anatomi-
cally tomographic positions of the axial images are sub-
stantially 1dentical between the plural series.

4. The medical image processing apparatus according to
claim 3, wherein each of said standard feature quantities and
said feature quantities includes at least one of a degree of
circularity of the body part, a ratio of air region, aratio of bone
region, and a ratio of soit tissue.

5. The medical 1image processing apparatus according to
claam 3, wherein, when the axial images of a first series
provided with the coordinate values by said coordinate value
providing unit are displayed on a screen of at least one display
unmit and a user designates a desired axial image on said
screen, said alignment processing unit selects an axial image
correlated to the axial image designated by the user among the
axial images of a second series ditlerent from the first series,
and displays the selected axial image on a screen of at least
one display unit.

6. The medical 1mage processing apparatus according to
claim 3, further comprising;:

a display format setting unit configured to set a display
format 1n said at least one display unit such that axial
images correlated between the plural series of 1images
are respectively displayed in corresponding positions on
the screen of said at least one display unit.

7. The medical 1image processing apparatus according to

claim 3, further comprising:

a display format setting unit configured to set a display
format 1n said at least one display unit such that axial
images correlated between the plural series of 1images
are sequentially displayed on the screen of said at least
one display unit 1n conjunction with one another.

8. The medical image processing apparatus according to

claim 1, further comprising;:

a control unit configured to display a schematic diagram
related to said standard coordinate system on a screen of
at least one display umt; and

an alignment processing unit configured to extract, when a
user designates a desired area in said schematic diagram,
an axial image provided with substantially the same
coordinate value as that in said standard coordinate sys-
tem corresponding to the area, and display the extracted
axial 1mage on a screen of at least one display unait.

9. The medical 1image processing apparatus according to

claim 1, further comprising:
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a control unit configured to display a list O r parts related to
said standard coordinate system on a screen of at least
one display unit; and

an alignment processing unit configured to extract, when a
user designates a desired part in said list of parts, an axial
image provided with substantially the same coordinate
value as that 1n said standard coordinate system corre-
sponding to the part, and display the extracted axial
image on a screen of at least one display unit.

10. The medical image processing apparatus according to

claim 1, further comprising:

a control unit configured to display a plain X-ray image
related to said standard coordinate system on a screen of
at least one display unit; and

an alignment processing unit configured to extract, when a
user designates a desired area 1n said plain X-ray image,
an axial image provided with substantially the same
coordinate value as that in said standard coordinate sys-
tem corresponding to the area, and display the extracted
axial image on a screen of said at least one display unait.

11. A medical image processing program, embodied on a
non-transitory computer readable medium, for use 1n a medi-
cal image processing apparatus to be connected to at least one
display unit that displays a medical image on a screen based
on mputted 1mage data, for correlating anatomically tomo-
graphic positions of axial images between plural series of
images, said program actuating a CPU to execute the proce-
dures of:

(a) loading a standard coordinate system 1n which coordi-
nate values correlated to anatomically tomographic
positions of an objectto be inspected are set along a body
axis ol the object, said standard coordinate system being
used as a reference when performing alignment between
the plural series of images;

(b) providing coordinate values 1n said standard coordinate
system to the axial images included in a first series of
images by correlating at least one characteristic position
of the object represented 1n the first series of images to at
least one first reference position 1n said standard coor-
dinate system, and providing coordinate values in said
standard coordinate system to the axial images included
in a second series of 1images by correlating at least one
characteristic position of the object represented 1n the
second series of 1mages to at least one second reference
position 1n said standard coordinate system; and

(C) correlating the axial images included in the first series
of 1mages to the axial images included 1n the second
series of images based on the coordinate values provided
to the axial images at procedure (b) such that anatomi-
cally tomographic positions of the axial images are sub-
stantially identical between the first series and the sec-
ond series.

12. The medical image processing program according to
claim 11, wherein said standard coordinate system 1s corre-
lated to at least one of a skeleton and a soft tissue including an
organ.

13. A medical 1image processing program, embodied on a
non-transitory computer readable medium, for use 1n a medi-
cal image processing apparatus to be connected to at least one
display unit that displays a medical image on a screen based
on mputted 1mage data, for correlating anatomically tomo-
graphic positions of axial images between plural series of
images, said program actuating a CPU to execute the proce-
dures of:

(a) loading a standard coordinate system in which coordi-

nate values correlated to anatomically tomographic
positions or an objectto be inspected are set along a body
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axi1s of the object, said standard coordinate system being,
used as a reference when performing alignment between
the plural series of 1mages, and standard feature quanti-
ties representing anatomical features of body parts in the
respective tomographic surfaces correlated to the stan-
dard coordinate system:;

(b) providing coordinate values 1n said standard coordinate
system to the axial images included in each of the plural
series of 1mages by computing feature quantities repre-
senting anatomical features of body parts shown 1n the
axial 1mages, referring to said standard feature quanti-
ties, and thereby, obtaining a coordinate values 1n said
standard coordinate system corresponding to said fea-
ture quantities, and

(¢) correlating the axial images between the plural series of
images based on the coordinate values provided to the
axial 1images at procedure (b) such that anatomically
tomographic positions of the axial images are substan-
tially identical between the plural series.

14. The medical image processing program according to
claim 13, wherein each of said standard feature quantities and
said feature quantities includes at least one of a degree of
circularity of the body part, a ratio of air region, aratio of bone
region, and a ratio of soit tissue.

15. The medical image processing program according to
claim 13, wherein, when the axial images of a first series
provided with the coordinate values at procedure (b) are dis-
played on a screen of at least one display unit and a user
designates a desired axial image on said screen, procedure (c)
includes selecting an axial image correlated to the axial image
designated by the user among the axial images of a second
series different from the first series, and displaying the
selected axial image on a screen of at least one display unait.

16. The medical image processing program according to
claim 13, further allowing the CPU to execute the procedure
of:

setting a display format 1n said at least one display unit such
that axial images correlated between the plural series of
images are respectively displayed in corresponding
positions on the screen of said at least one display unat.

17. The medical image processing program according to
claim 13, further allowing the CPU to execute the procedure
of:

setting a display format 1n said at least one display unit such
that axial images correlated between the plural series of
images are sequentially displayed on the screen of said
at least one display unit 1n conjunction with each other.

18. The medical image processing program according to
claim 11, turther allowing the CPU to execute the procedures
of:

displaying a schematic diagram related to said standard
coordinate system on a screen of at least one display
unit; and

extracting, when a user designates a desired area 1n said
schematic diagram, an axial image provided with substan-
tially the same coordinate value as that in said standard coor-
dinate system corresponding to the area, and displaying the
extracted axial image on a screen of at least one display unait.

19. The medical image processing program according to
claim 11, turther allowing the CPU to execute the procedures
of:

displaying a list of parts related to said standard coordinate
system on a screen of at least one display unit; and
extracting, when a user designates a desired part 1n said

l1st of parts, an axial image provided with substan-
tially the same coordinate value as that in said stan-
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dard coordinate system corresponding to the part, and
displaying the extracted axial image on a screen of at
least one display unit.

20. The medical 1mage processing program according to
claim 11, further allowing the CPU to execute the procedures
of:

displaying a plain X-ray image related to said standard

coordinate system on the a screen of at least one display
unit; and

extracting, when a user designates a desired area in said

plain X-ray image, an axial image provided with sub-
stantially the same coordinate value as that in said stan-
dard coordinate system corresponding to the area, and
displaying the extracted axial 1image on a screen of at
least one display unat.

21. The medical image processing apparatus according to
claim 1, wherein said coordinate value providing unit pro-
vides coordinate values 1n said standard coordinate system to

the axial images included 1n a first series of 1mages by corre-
lating plural characteristic positions of the object represented
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in the first series of images to plural first reference positions 1n
said standard coordinate system, and provides coordinate
values 1n said standard coordinate system to the axial images
included 1n a second series of 1images by correlating plural
characteristic positions of the object represented in the sec-
ond series of 1images to plural second reference positions 1n
said standard coordinate system.

22. The medical 1image processing program according to
claim 11, wherein procedure (b) includes providing coordi-
nate values 1n said standard coordinate system to the axial
images included 1n a first series of 1mages by correlating
plural characteristic positions of the object represented 1n the
first series of 1images to plural first reference positions 1n said
standard coordinate system, and providing coordinate values
in said standard coordinate system to the axial i1mages
included 1n a second series of 1mages by correlating plural
characteristic positions of the object represented in the sec-
ond series of 1images to plural second reference positions 1n
said standard coordinate system.
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